The leaves of Artemisia princeps Pamp have been used for tea and food in Japan. The polyphenols of the leaves have inhibitory effects against lipid peroxidation and protein fragmentation by free radicals in vitro and an inhibitory effect on galactosaminelipopolysaccharide induced hepatotoxicity in vivo. The levels of serum glutamic oxaloacetic transaminase and glutamic pyruvic transaminase, lipid peroxidation in serum and liver by hepatotoxity were depressed by polyphenols in A. princeps Pamp. The depression of gluthathione and superoxide dismutase in plasma and liver by hepatotoxity were elevated by polyphenols in A. princeps Pamp. These results demonstrated that polyphenols in A. princeps Pamp have antioxidant and hepatoprotective effects.
Artemisia plants have been used as food worldwide.
A. princeps Pamp has been widely cultivated in Japan and the leaves used in teas and food [1] . The extracts of Artemisia plants known as gennoshoko, yomogi and iwatabaco, showed radical scavenging and antioxidant activities [2] , and iwayomogi, inhibits liver injury and lipid peroxidation in rats [3] . Toda showed that polyphenols in the leaves of A. princeps inhibit bovine albumin fragmentation by Cu(II) -hydrogen peroxide, lipid peroxidation of erythrocytes by hydrogen peroxide, and lecithin peroxidation by the interaction of hemoglobin and hydrogen peroxide in vitro [4, 5] . Polyphenols have been shown to scavenge free radicals and decrease liver injury [6] . Their administration with GAL-LPS (D-galactosamine-lipopolysaccharide) generates free radicals, lipid peroxidation and liver injury in rats [7] . The aqueous extract of green tea, which contains polyphenols, suppresses GAL-LPS induced liver injury [8] . Polyphenols in leaves of A. princeps inhibit lipid peroxidation by free radicals in vitro [4] . Luteolin 7-O-rutinoside and esculetin from A. montana inhibit free radical generation of hepatocytes [9] . Plants from Okinawa Island that contain flavonoids have been shown to have free radical scavenging and hepatoprotective effects on GAL-LPS induced liver injury [10] , and epigallocatechin-3-gallate, a polyphenol, has a hepatoprotective effect [11] . Polyphenols from Camellia sinensis scavenge oxygen radicals and prevent liver injury [12] . All these results suggested that the leaves of A. princeps would be useful as tea and food to relieve oxidative stress, such as lipid peroxidation. This report presents the results of an investigation into the effects of the polyphenols in the leaves of A. princeps on the antioxidant and hepatoprotective effects of GAL-LPS induced liver injury in rats.
The total polyphenol content of the leaves of A. princes was 4.58 + 0.33%; the condensed tannin contents were 0.61 + 0.17% by the vanillin assay and 0.14 + 0.01% by the proanthrocyanidin assay.
GAL-LPS treatment induced significant increases in serum GOT and GPT levels. However, these were decreased in a concentration dependent manner by treatment with the polyphenol extract of the leaves of A. princeps. Serum GOT and GPT values in the GAL-LPS plus polyphenol extract (5 mg/Kg) group were significantly lower than those of the GAL-LPS group, and were similar to those of the control group. GAL-LPS treatment induced significant decreases in rat serum and liver SOD levels, but these effects were reduced in a concentration dependent manner by treatment with the leaf polyphenol extract of A. princeps leaves. The serum and liver SOD levels in the GAL-LPS plus leaf polyphenols (5 mg/Kg) group were similar to those of the control group (Table 1) .
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GAL-LPS treatment induced significant increases in serum and liver LPO levels. However, these were decreased in a concentration dependent manner by treatment with the leaf polyphenols extract of A. princeps. The serum and liver LPO levels in the GAL-LPS plus leaf polyphenols (5 mg/Kg) group were significantly lower than those of GAL-LPS group, and were similar to those of the control group (Table 2) . GAL-LPS treatment induced significant decreases in plasma and liver GSH levels. However, these reductions were reduced by treatment with the polyphenols extract of A. princeps leaves. Plasma and liver GSH values in the GAL-LPS plus leaf polyphenols extract (5 mg/Kg) group were significantly higher than those of the GAL-LPS group, and were similar to those of the control (Table 3) . 
Preparation of polyphenols from the leaves of A. princeps:
The leaves of A. princeps were collected in Japan. Polyphenols were prepared by the following method. The dried leaves of A. princeps were extracted with cold water and allowed to stand for 12 h at 4℃. The residues were boiled for 10 minutes with stirring. The resulting mixture was allowed to stand for 12 h at 25 o C before filtration; the filtrate was lyophilized.
Total polyphenol content:
The total polyphenol content of the leaf extract was determined by the Folin-Ciocalteu colorimetric method [13] . The extract (1.5 mL) was mixed with 0.5 mL of FolinCiocalteu reagent and 0.5 mL of 10% sodium carbonate solution. After incubation at room temperature for 1 h, the absorbance was measured at Bioactive polyphenols from Artemisia princeps Natural Product Communications Vol. 2 (11) 2007 1135 760 nm. Total polyphenols were expressed as g/100g of garlic acid equivalents.
Condensed tannin content:
The condensed tannin content of the A. princeps leaf extract was determined by the vanillin and proanthocyanidin assays. For the vanillin assay, 2 mL of the leaf extract was mixed with 4 mL of vanillin (1% in 7M sulfuric acid), and then incubated at 25℃ for 15 minutes. After incubation, the absorbance was read at 500 nm. The concentration of condensed tannin was expressed as g/100g of catechin equivalents [16] [17] [18] . For the protoanthocyanidin assay, 0.25 mL of the A. princeps extract was added to 3.5 mL of n-butanol/ hydrochloric acid reagent [n-butanol/condensed hydrochloric acid (95:5) and 1.4% ferrous sulfate solution]. The mixture was heated for 40 min at 100 o C, then allowed to cool, and the absorbance was measured at 550 nm [14, 15] .
Animal treatment: Animal treatments followed the method of Aniya et al [10] . Rats were divided into three groups (control, GAL-LPS, and GAL-LPS plus A. princeps leaf polyphenols extract), each with 5 rats. In the GAL-LPS group, the rats were injected intraperitoneally with GAL (400 mg/Kg/5 mL saline) and LPS (0.5 μg/Kg/5 mL). In the GAL-LPS plus polyphenols group, the rats were injected intraperitoneally with the leaf polyphenols extract (0.005, 0.05, 0.5 and 5 mg/Kg/5 mL) 1 and 15 h before GAL-LPS treatment. In the control group, the rats were injected intraperitoneally with saline (5mL/Kg) alone. After treatment, the rats were anesthetized with diethyl ether before their abdomens were opened. Blood was collected from the inferior vena cava vein. Plasma and serum were separated immediately by centrifugation. After perfusion with ice -cold saline, the liver was quickly removed and a liver homogenate prepared, following the assay procedure.
Assay: Serum GOT and GPT, and plasma SOD were determined using commercial kits. Liver SOD, and liver and plasma GSH were also determined using commercial kits. Serum and liver LPO levels were determined as MDA by the methods of Yagi and Ohkawa et al, respectively [16, 17] .
Statistical analysis:
Values are expressed as the mean + standard deviation (SD). The results were analyzed by StatView. Each value was compared by one -way ANOVA and Fisher's PLSD. Values of significance were expressed at P<0.001 for both tests.
